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© Ground fault trip units for circuit breakers are 
tested by a passive test circuit which includes a test 
conductor passing through the current transformer 
sensing coil(s). and a test switch which selectively 
connects the test conductor in a loop which simu- 
lates a neutral-to-ground fault. In a dormant oscillator 
ground fault test circuit, the test conductor loop 
passes through both sensing coils. When the neu- 
trat-to-ground detector is combined with a sputtering 



arc fault detector sharing a common sensing coil, 
testing of all the components is accomplished by 
adding an additional test circuit which injects pulses 
derived from the line conductor into the sensing coil 
secondary, or which alternatively, connects a capaci- 
tor charged from a DC supply across the sensing 
coil secondary. Either of these alternative test cir- 
cuits generates the successive events needed to 
produce a sputtering arc trip. 
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BACKGROUND OF 'HE iNVSNT'Ch 
F : etd :f r ~e ^ve.-.-icn 

T'-.s -".-/erTion relates <o electronic ;.-c fs ; .z- 
circuit break e-s. arte r.ore parties "any ?c s«cn Vic 
units .vhich resoend to ground faults and sputtering 
arc *auits. arc rcorccrate *es: circuits 'or ; ul!y 
testing these features. 

Background Infcrm aticn 

Conventional residential and iignt industrial and 
commercial circuit breaKers nave a- thermal trip 
device which responds to persistent overcurrents of 
moderate magnitude to provide a delayed trip, and 
a magnetic trip device which responds instanta- 
neously to overcurrents of large magnitudes. Thus, 
the fault current must reach a pre-determined mag- 
nitude, for example, ten times rated current for the 
instantaneous trip to occur, or the overcurrent must 
sustain a precetermined average value over a giv- 
en time interval to implement the delayed trip. 

Recently, .t nas become common to incor- 
porate ground fault trip units into such circuit 
breakers. The cjround fault trip unit detects faults 
between the Sine conductor and ground and the 
neutral conductor and ground. Line-to-ground faults 
are commonly cetected by a differential transform- 
er in the form of a toroidal coil. The line and neutral 
conductors are passed through the coil so that in 
the absence of a line-to-ground fault, the currents 
are dual and epposite and no signal is generated in 
the secondary. A line-to-grcund fault causes a 
sizeable imbalance in the currents in the two con- 
ductors which can be level detected- The neutral 
conductor is required by code to he grounded near 
the circuit breaker. Thus, a neutral-to-ground fault 
in the protected system closes a loop between the 
neutral conductor and ground. Typically, neutral-to- 
ground faults are detected by injecting a signal 
onto the neutral conductor which produces an os- 
cillation if feedback is provided through the loop 
completed by the neutral-to-ground fault. 

A common type of ground fault detector is the 
dormant oscillator circuit. This ground fault circuit 
includes two sensing coils. The first serves as a 
differentia] transformer which detects line-to-ground 
faults. A neutral-to-ground fault couples the two 
coils to provide feedback which causes an oper- 
ational amplifier to oscillate. 

It is common for ground fault circuit breakers 
to incorporate test circuits for testing the line-to- 
ground fault portion of the circuit. Typically, this 
includes a test lead which passes through the 
differential transformer coil and is selectively con- 
nected by a switch across the line and neutral 
conductors. To our knowledge, no arrangement is 



currency prcv-cec -es-inr; naLiraMc-; round 
fau;ts. 

Recently tnere "as ceen 'pretest in protecting 
electr-cai systems 'rcn scunsrr.g arc faults. SDut- 
3 taring arc f auits tccur wnen care zr strioped cort- 
ductors come nto comae*. The current caused oy 
such a fauit crcouces magnetic repulsion forces 
which oush the conductors acart. thereby striking 
an arc. The arc : s extinguished as the current 
•o passes througn zero. Mechantca; :r eiectro-static 
forces bring the conductors back :nto contact, and 
the cycle is repeated. The arc that is causea by 
these fauits can meit the copper in the conductors, 
especially in stranded wire conductors such as 

J5 extension cords, which can ignite surrounding ma- 
terials. Although such faults present a fire hazard, 
the currents are typically not high enough to he 
detected by the thermal or magnetic trip devices. 
Commonly owned United States Patent No. 

20 5.224.006 discloses a circuit breaker with an elec- 
tronic trip unit which responds to sputtering arc 
faults. This trip unit is based on a recognition that 
the sputtering arc fault creates a step current wave 
form in contrast to the sinusoidal wave forms cre- 

25 ated by belted faults and overload currents. Thus, 
the trip unit generates a bandwidth limited di/dt 
signal which is level detected so that sputtering arc 
faults with peak currents below the pick-up levels 
of the thermal and magnetic trip devices will trip 

30 the circuit breaker. 

The sputtering arc fault detector of Patent No. 
5,224,006 utilizes the sensing coil of a dormant 
oscillator ground fault detector, which provides the 
feed-back for neutral-to-ground fault detection, to 

35 generate the di/dt signal. 

Commonly owned patent application Serial No. 
023,435 entitled "Circuit Breaker Responsive to 
Repeated In-Rush Currents Produced by a Sputter- 
ing Arc Fault" filed on February 26, 1993, in the 

40 names of Raymond W. Mackenzie and Joseph C. 
Engel and identified as assignee's case WE 57,406 
addresses the problem that the arcing wave form 
characterized by fast turn on to high values of 
current produced by sputtering arc faults is also 

45 produced by some appliances, or groups of appli- 
ances switched on simultaneously. While the mag- 
nitude of the in-rusn currents produced by these 
appliances is not as large as the currents produced 
by a sputtering arc fault, and thus false trips can he 

so avoided by an appropriate setting of the level de- 
tector, this latter patent application provides dis- 
crimination between sputtering arc faults and appli- 
ance in-rush currents by recognizing that the latter 
are singular events while a sputtering arc fault 

55 makes and breaks repeatedly. Accordingly, the trip 
unit of this patent application counts the number of 
times that the ai/ct signal exceeds the threshold 
within a given time interval. 
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T-e ^rtc .^ts tiescrbed :ne above eaten; 
applications ccth include the orevicusly desc'cec 
test circuit wnicr- oniv tests the :ine-tc-ground tn'c 
xir.cticn. T!, 3v do rot test ;re oeutrai-*o-orcLr- 
detector :r :he scuttenng arc selector 

There s 3 need rnere ; or an mproveo* Elec- 
tronic trip jnt which oro\fiaas a comoiete test ; or 
. ground 'aults. deluding reutral-tc-ground ; aults. 
and fc testing of :he sputtering arc fauit zetectcr 

SUMMARY OF THE INVENTION 

This need ana ethers are satisfied by -he : n- 
vention wnich ; s directed to self-testing trip units 
which provide a test of the neutral-to-ground fault 
detection 'unction as weil as the iine-to-ground fault 
detection function. In addition, the self-testing trip 
unit of the invention provides for testing of the 
sputtering arc detection function of the trip unit. 
Thus, all of the trip functions of the electronic trip 
unit are fully tested. 

More specifically, for testing the neutral-to- 
ground function of the trip untt. passive test means 
comprise a test conductor which passes througn 
the current sensing coil and a switch which selec- 
tively connects the test conductor in a loop passing 
through the sensing coil. Closing of the test switch 
simulates a neutral-to-ground fault. In the case of 
the dormant oscillator ground fault detector, the 
test conductor passes through both of the sensing 
coils to provide the coupling between coils when 
the switch is closed. As the entire dormant oscilla- 
tor circuit, including both sensing coils, must be 
operative to detect the neutral-to-ground fault, this 
simple passive test device is a full test of the 
dormant oscillator ground fault detector. 

In the sputtering arc fault detector, where 
means are connected to the secondary of the cur- 
rent sensing coil to generate a bandwidth limiteo 
di/dt signal which is then level detected, test sig- 
nals are injected into the secondary side of the 
sensing coil, as it is difficult to generate the mag- 
nitude of the signals required on the primary side 
of the coil. However, where the sputtering arc de- 
tector is combined with and uses the current sens- 
ing coil of the ground fault detector, the ground 
fault test provides a test of the coil. 

The means for injecting the test signal for 
testing a sputtering arc fault detector, includes in a 
first embodiment, an impedance connected to the 
secondary of the current sensing coil, and a switch 
which selectively connects the impelance to the 
line conductor. Where the sputtering arc detector 
includes means whicn count the number of times 
that the bandwidth limited di/dt signal exceeds the 
threshold, the haif cycles of the AC from the line 
conductor provide the repetitive events needed to 
test the detector. 



An alternative ^-angenn^ ; re .njecting test 
signals into the sputtering ^rz ""auft detector. <r,. 
eludes a capacitor connected to the secondary of 
the current sensing cci! arc means *cr charging the 
? capacitor. A switch selectively discharges the ca- 
oacitcr into the secondary wnaing -f tne sensing 
coil which produces an oscillation of sufficient mag- 
nitude to cause the bandwidth limited di/dt signal to 
exceed the threshold ievei the requirec number of 
to times within the selected time interval. In the alter- 
native method of sensing sputtering arc faults 
which employs measurement of the voltage drop 
across the resistivity of the neutrai conductor, and 
which passes the signal thus obtained through a 
75 low-pass filter and a high-pass filter, as described 
in patent application Serial No. 023.435 referencea 
above, the test signal may be injected into the 
output of the first filter section by means of an 
impedance connected thereto, and by means of a 
20 test switch to connect said impedance to the line 
conductor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 The accompanying drawings, which are incor- 

porated in and form part of the specification, illus- 
trate several embodiments of the present invention, 
and together with the description, serve to explain 
the principals of the invention. 

30 Figure 1 is a schematic diagram of a sputtering 

arc fault circuit breaker combined with, and sharing 
a sensing coil with, a ground fault detection circuit, 
and including one embodiment of a test circuit in 
accordance with the invention. 

35 Figure 2 is a schematic circuit diagram of an 

integrated circuit which forms part of the circuit of 
Figure 1. 

Figure 3 is a schematic circuit diagram, par- 
tiaity in block diagram form, of an additional test 
40 circuit for the circuit breaker of Figures 1 and 2. 

Figure 4 is a schematic circuit diagram, also 
partially in block diagram form, of yet another test 
circuit for the circuit breaker of Figures t and 2. 

Figure 5 is a schematic circuit diagram of 
45 another sputtering arc fault circuit breaker com- 
bined with a ground fault detection circuit which 
includes a test circuit in accordance with the inven- 
tion. 

Figure 6 is a schematic circuit diagram of an 
so integrated circuit which forms part of the circuit 
breaker of Figure 5. 

Description of the Preferred Embodiments 

55 The invention will be described as applied to a 
conventional residential circuit breaker such as that 
dercrbed in U.S. patent no. 4,081,852 which is 
herein incorporated by reference. That circuit 
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breaker >.-i u ces a thermo-mag^etic overcu<renr 
trip mechanism and a grounc fauit o'etectcr moun- 
ted in side-by-siae comDartments within a moldec 
housing. The ground fault detector : nciudes 3 -nc 
solenoid having a olunger uncr. extends Trajan ; 
the wall between the *wo compartments in the 
molded housing to actuate the thermo-magnenc 
trip mechanism to trip the circuit breaker t. re- 
sponse to a ground fault. 

As shown t'n Figure 1. tne circuit breaker t or 'o 
the invention, in its preferred embodiment, com- 
bines a sputtering are detector 3 with a ground 
fault detector 5. The circuit breaker t protects an 
electric system 7 which includes a line conductor 9 
and a neutraJ conductor 1 1 which provide electric is 
power to a load 13. In addition to protecting against 
typical overcurrents drawn by the load 13 and 
bolted line-to-neutral faults, the circuit breaker 1 of 
the invention protects against sputtering arc faults 
15 between the 'ine conductor 9 and a neutral 20 
conductor 11, and line-to-ground faults 17 and neu- 
tral-to-ground faults 19. As discussed above, the 
sputtering arc fault 15 results when bared sections 
of the line and neutral conductors come in contact 
due to. for instance, worn or stripped insulation. 25 
Faults in the electrical system 7 are detected by 
the circuit breaker 1 by current sensors in the form 
of current sensing transformers 21 and 23. These 
current sensing transformers 21 and 23 are toroidal 
coils. The line conductor 9 and neutral conductor 30 
1 1 are passed through the opening in the toroidal 
coil 21 to form the primary of That current trans- 
former. The current transformer 23 has a single 
primary in the form of the neutral conductor 1 1 
which passes through the opening of the toroidal 35 
coil. The second winding 25 of the current trans- 
former 21 and the second winding 27 of the current 
transformer 23 are each connected to an integrated 
circuit 29. 

The current transformer 21 detects line-to- 40 
ground faults. With no line-to-ground fault on the 
electrical system 7, the currents through the line 
and neutral conductors 9, 1 1 which form the 
primaries of the transformer will be dual and op- 
posite so that no current will be induced in the 45 
secondary winding 25. If the line conductor 9 is 
grounded, there will be a targe current through this 
conductor and little or no current through the neu- 
tral conductor 11 so that a sizable current will be 
induced in the secondary winding 25. This signal is so 
applied to the integrated circuit (IC) 29 through the 
NEGGFI and POSGFI inputs through a DC blocking 
capacitor 31 so that offsets in an op amp (to be 
described) in the IC are not applied to the current 
transformer 21. A resistor 33 critically dampens 55 
resonance caused by the series connected capaci- 
tor 31 and secondary winding 25 of the current 
transformer 21. A capacitor 35 across the IC inputs 



provides nc^sa suppress;:-'-. A ^eedcack rasisrc.- 37 
sets the gain for the cc ar o n ;ne IC 29. 

As will ce Oiscussec n more detail befcw. r 
♦he magnitude of tra ourrert -r, ^ecor.oa'y 
winding 25 of the currant transformer 21 axceeos a 
threshold selected to detect a line-to-ground fauit. 
the OR output on the IC 29 goes high to turn on an 
SCR 39. Turning on of the SCR 39 provides cur- 
rent for energizattcn o* a -no solenoio 41 witn 
current drawn from the fine and neutral conductors. 
This current is half wave rectified oy the oiode 43. 
The SCR 39 is protected from surges oy the metal 
oxide varistcr (MOV) 45 and from noise on the gate 
by capacitor 47. Energization of the trip solenoid 
41 actuates the trip mechanism 49 as described in 
U.S. patent no. 4.081.852 to open contacts 51 in 
the line conductor 9. 

The diode 43 also provides DC pcwer to a 
shunt regulator in the IC 29. The current drawn by 
the IC is insufficient to actuate the tr:p scienoid 41. 
The power supply for the IC 29 induces a filter 
capacitor 53. and a pair of resistcrs 55 and 57 
which determine the current level of the supply. 
This DC power is provided to the VPOS input of 
the IC 29. The VNEG pin is connected to the 
ground for the neutraJ conductor. A bypass capaci- 
tor 59 assures that there is no ac on the VPOS 
input. Similarly, another bypass capacitor 61 elimi- 
nates ac on the POSGFI input. 

The ground fault detector 5 is of the dormant 
oscillator type. The secondary winding 27 of the 
current transformer 23 is also connected to the 
output of the op amp in the IC 29 at pin GAMP 
through a coupling capacitor 63. Neutral-to-ground 
faults couple the secondary windings 25 and 27 
though the current sensing transformers 21 and 23 
to form a feedback loop around the IC 29 causing 
the op amp in the IC to oscillate. The frequency of 
this oscillation can be set by the selection of the 
value of the capacitor 63 and the capacitor 65 as 
well as the parameters of the current sensing trans- 
formers 21 and 23. In the exemplary circuit break- 
er, this fluency is about 20 KHz. When the mag- 
nitude of the oscillation exceeds selected thresh- 
olds, the SCR 39 is fired to trip the circuit breaker. 

In accordance with the invention, the current 
sensing transformer 23 is aiso used to sense cur- 
rent for detecting sputtering arc faults. The rate of 
change of current signal, di/dt. needed for sputter- 
ing arc fault detection, is generated by providing a 
core in the current sensing transformer 23 which 
does not saturate at the current level required to 
produce a trip. A suitable material for the core is 
powdered iron which has a low mu and a high flux 
saturation level. Such a core only affects the neu- 
tral ground detection by increasing the frequency 
of oscillation by a small amount. 
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The di-ct s:gnal produced :n the secondary 
.vind'ng 27 of :he current sensing transformer 23 s 
candwidth limited by passing it through a : :w pass 
'titer 67. This s 3 two ccie low pass fiiter with the 
f irst poie forrr.eo cy the capacitor 69 and resistor 
71. and the seconc poie formed by the :aoacitor 
73 and resistor 75. This low pass filter 67 in the 
exemplary circuit oreaker has a half-power point at 
about 2 KHz. As discussed in the above referercad 
patent application, the di/dt signal can be used to 
provide an indication of overcurrent. line-tc-neutrai 
faults and sputtering arc faults. The parameters of 
the bandwidth limiting Jew pass filter 67 are se- 
lected to attenuate the spikes in the di/dt signal 
caused by a sputtering arc fault, and to regulate 
the relative sensitivity of the circuit to the 
sinusoidal currents cf the overcurrent line-to-neutral 
faults and step functions of the sputtering arc 
faults. As also discussed above, the present inven- 
tion distinguishes sputtering arc faults 'rom the in- 
rush currents caused by some appliances by 
counting the number of step functions detected 
within a predetermined time period. A capacitor 77 
and resistor 79 set the selected time interval in the 
manner to be discussed below. 

Figure 2 is a schematic circuit diagram of the 
IC 29. The chip 29 has a power supply 81 which is 
energized by the haH wave rectified supply de- 
scribed above through the VPOS and VNEG pins. 
An op amp 83 amplifies the signal on the secon- 
dary of the current sensing transformer 21 for 
application to a window comparator 85 comprising 
the comparators 87 and 89. The comparator 87 is 
biased by a reference voltage provided by the 
power supply 81 which is the positive threshold for 
detecting line-to-ground faults. Similarly, a negative 
threshold bias voltage is applied to the comparator 
89. A bias voltage, which is roughly the midpoint of 
the power supply voltage, is applied to the nonin- 
verting input of the op amp 83. A pull-up resistor 
91 is connected between the outputs of the com- 
parators 87 and 89 and VPOS. The output of these 
comparators is also connected to an inverting input 
of an OR circuit 93, the output of which is con- 
nected to the gate of the SCR 39 through the OR 
pin of the IC 29. Normally, the outputs of the 
comparators 87 and 89 are high so that the SCR 
39 is not gated. The presence of a line-to-ground 
fault causes a signal generated on the secondary 
winding 25 of the current sensing transformer 21 to 
exceed the thresholds applied to the comparators 
87 and 89 during alternate half cycles of the load 
current. Positive half cycles of the ground fault 
current cause the output cf comparator 87 to go 
low so that the output of the OR circuit 93 goes 
high to gate the SCR 39 and energize the trip 
solenoid 41. On negative half cycles, the compara- 
tor 89 turns on the SCR 39. 



As previcusty niscjssec. neutrai-to-grc^-v: 
: au ts, :re secenrj current sens^g Transformer 22 s 
connected to the output zi the op amp 83 thrcugn 
coupling capacitor 53 :cnn acted to 'fa GAMP oir 

5 of fa IC 29. Any neutral-to-ground completes 
a feedback loop between the current sensing trans- 
former 23 connected to the output of the op amc 
83 and the current sensing transformer 21 con- 
nected to the input. When the magnitude zi tn.s 

to oscillation exceeds the thresholds of the .vinccw 
comparator 85. the SCR 39 is gated through tne 
OR 93. 

As mentioned, the current sensing transformer 
23 is also used to detect sputtering arc faults. The 

is di/dt signal generated on the secondary winding 
27. which is bandwidth limited by the low pass filter 
67. is applied through a follower op amp 95 to a 
second window comparator 97 comprising the 
ccmcaratcrs 99 and 101. The comparators 99 and 

20 101 compare the bandwidth limited di'dt signal tc 
positive and negative thresholds set oy the power 
supply 81. A pull-up resistor 103 connected tc 
VPOS maintains a high logic signal at the outputs 
of the comparators 99 and 101 when the bandwidth 

25 limited di/dt signal is within the selected limits. 
When a current wave form representative of a 
sputtering arc fault is detected, the output of the 
window comparator 97 goes low. As certain appli- 
ances can generate a similar wave form, albeit 

30 typically of lower magnitude, a counter circuit 107 
is provided on the output of the window comparator 
97. The counter circuit 107 counts events in which 
the thresholds of the window comparator 97 are 
exceeded. In the preferred embodiment of the in- 

35 vention, the counting circuit 107 generates a trip 
signal upon the occurrence of two such events 
within the selected time interval. 

The counter circuit 107 includes a D flip-flop 
109. The flip-flop 109 is clocked by the output of 

40 the window comparator 97 through an inverter 111. 
The output of the window comparator 97 is also 
connected through a diode 113 to the inverting 
input of a comparator 115. This comparator 115 
compares the output of the window comparator 97 

45 with the positive threshold voltage generated by 
the power supply 81. Typically, this reference volt- 
age is about three-quarters of the power suppiy 
voltage. The output of the comparator 115 is ap- 
plied to the data input O of the flip-flop 109. The Q 

so output of the flip-flop 109, which is not used in the 
circuit of Figure 2, goes to the logic value of the 
signal at the D terminaJ when a clock pulse is 
applied to the CLK input. Thus, the Q output of the 
flip-flop goes to the logical opposite of the signal 

55 applie_d to the D input when the flip-flop is clocked. 
The O is connected to an inverting input of the OR 
93. 
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The evening input of ;he ccmcaratc '15 s 
also corrected through the RC :t- of the !C 29 to 
the tinning capacitor 77 (see -igure t). The other 
side zf *hs caoacitor 77 is connected to VPOS. 
Under normal circumstances, the capacitor 77 s s 
discharged by the shunt resistor 79. Therefore, if a 
output of the comparator 115 .s 'ow. When the 
output of the window comparator 97 goes : ow fc 
the first time, indicating a sputtenng arc fauit even:, 
the flip-flcp 109 is clocked by the feading ecge of '? 
the pulse. As the D input was low at the time of the 
clock pulse, the 0 output remains high, and no 
gate signal is applied to the SCR 39 througn the 
OR 93. When the output of the window comparator 
97 goes low, the capacitor 77 charges rapidly »5 
through the diode 1 13 to approximately VPOS. As 
the voltage cn the noninverting input now exceeds 
the reference voltage, the output of the comparator 
115 goes high. When the output of the window 
comparator 97 again goes high as the sputtering 20 
arc current reaches its peak magnitude, the capaci- 
tor 77 begins to discharge through the resistor 79. 
The values of these components are selected so 
that the voltage on the capacitor 77 remains above 
the reference voltage applied to the comparator 25 
its for the selected time interval. As mentioned, a 
suitable time interval is about one second. If the 
output of the window comparator 97 goes low be- 
fore the timer has timed out which is indicative of 
a sputtering arc fault, the D input of the flip-flop jo 
109 will be high when the flip-flop is clocked, and 
hence the Q output will go low, causing the output 
of OR 93 to go high and gate the SCR 39 on to 
energize the trip solenoid 41 . 

Typically ground fault circuit oreakers, includ- js 
tng the circuit breakers of the related applications, 
have an internal test switch which tests the opera- 
tion of the ground fault electronics by injecting a 
primary current into the current transformer 21. 
This only tests the ability of the ground fault circuit -to 
breaker to respond to a line-to-ground fault. Opera- 
tion of the grounded neutral fault detection circuit is 
not tested. If this circuit fails, and a grounded 
neutral fault is present, along with a line-to-ground 
fault, the ground fault circuit breaker may be un- 45 
able to trip, even though the ground fault circuit 
breaker trips with the test switch. 

The enhanced ground fault circuit breaker 1 
described in Figures 1 and 2, which aJso includes 
sputtering arc protection, further complicates the 50 
testing problem. Producing a level of primary cur- 
rent required to test the arc -detection circuit with 
an internaJ test switch seems impractical. Further, 
the arc-detecting circuit 3 utilizes the grounded 
neutral current transformer 23 for arc sensing, and 55 
the line-to-ground fault test does not test the integ- 
rity of this current transformer. 



In accordance .v:th 'he ^venrcr-. a mere com- 
plete ground fa^t circuit breaker self-test s 
acnevsc by testing the grounaed neutral fau<t se- 
lection instead of the line-to-ground fauit protection. 
The grounded neutral -"aui r est requires that the 
entirs electronic circuit os functional >r. oraer to 
trip. The neutral-to-ground test circuit 119 includes 
test conductor 121 which is passed through, and 
becomes another primary winding fcr both of the 
current transformers 21 and 23. A resistor 123 : s 
connected in series with the test conductor 1 21 
and a test switch 125 which selectively completes 
a loop 1 27 passing through the ceils of the both of 
the transformers 21 and 23 when the switch is 
closed. The resistor 123 has a value substantially 
equivalent to the maximum impedance of the loop 
termed by the neutral conductor 1 1 and ground 
during a neutral-to-grcund fault. Nominally this is 
about 2 ohms. The test iead 121 can have a 
distributed resistance equal to this value, thereby 
eliminating the need for a discrete resistor. 

Closing of the test switch 125 completes the 
loop 127 which simulates a neutral-to-ground fault. 
As both cf the current transformers 21 and 23 must 
be operative in order for a trip signal to be gen- 
erated with a neutral-to-ground fault, the entire 
ground fault detector is tested. The test circuit 1 1 9 
is simpler than the line-to-ground fault tester, as no 
power connections are required. Circuit board lay- 
out >s therefore simplified as there are fewer traces 
where spacing must be maintained due to the 
presence of 120 VAC. Assuming that the grounded 
neutral sensitivity is not initially excessive, a reduc- 
tion in sensitivity to a ttne-to-ground fault will also 
cause the circuit to fail the ground to neutral fauit 
test. 

As used with the circuit breaker 1 shown in 
Figures 1 and 2. the grounded neutral fault test 
circuit 119, tests most of the electronic circuit, 
including both sensing coils or current transformers 
21 and 23. the trip coil 41 the power supply includ- 
ing the components 39, 43-47 and 53-57, most of 
the custom integrated circuit 29 and all of the 
passive components except 59-61, and 69-75. 
Thus, the test circuit 121 improves the likelihood of 
the sputtering arc detector 3 operating, as the 
sensing coil, (current transformer 23) used by this 
detector is included in the test. This may be a 
sufficient test for the sputtering arc detector, al- 
though it does not test 100 % of the circuit 

The entire electronic circuit for the sputtering 
arc detector 3 can be tested by using a second 
test circuit 129 shown in Figure 3. For simplicity, 
the sputtering arc detector 3 and ground fault de- 
tector 5 are shown in block diagram from at 131. 
This second test circuit 129 includes an impedance 
133 connected between the line conductor 9 and 
the secondary winding 27 of the sensing coil or 
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currant transformer 23 on the neural tonauctc ' ' . 
A switch 135 selectively Ejects ar. AC signal ^nrc 
the secondary 27 The impedance 133 may oe a 
resistor, a caoacitor or a series combination r,i 
resistor and capacitor. The impeoance :s choser i 
so that. ; n conjunction with the circuit mcecance. 
the line voltage is attenuated to a suitable level *or 
testing. Ideally, the attenuation should be adequate 
to just guarantee a trip at low line voltage. The half 
cycles of the AC voltage appliec cy the test circuit to 
129 provide the events needed by the arc detect- 
ing circuit to trip. This test circuit 129 is preferably 
used in combination with the test circuit 1 19 so that 
the entire efectronics of the sputtering arc fault 
detector and the ground fault detector are tested. is 

An alternate form of the additional test circuit Is 
shown in Figure 4. This test circuit 137 utilizes DC 
power derived from the internal power supply 81 to 
generate the pulses needed to complete the tests 
of the sputtering arc fault detector. This test circuit 20 
137 includes a capacitor 139 connected by a !eaa 
141 across the secondary winding 27 of the sens- 
ing coil or current transformer 23. The capacitor 
139 is charged from the DC power supply 81 
through a resistor 143. The test switch 145 when 25 
closed connects the capacitor 139 across the sec- 
ondary winding 27 of the sensing coil or current 
transformer 23. The resonant circuit formed by the 
winding 27 and capacitor 139 generates the se- 
quence of pulses which trips the sputtering arc 30 
fault detector. As the test circuit 137 provides a 
complete test of the sputtering arc circuit, including 
the sensing coil 23. this test circuit can be used in 
conjunction with either the neutral-to-ground test 
circuit 119, or with the prior art test circuit, which 35 
only tests the operation of the !ine-to-g round fault 
detection circuit. 

Figure 5 illustrates another embodiment of the 
invention in which the circuit breaker V also re- 
sponds to both ground faults and sputtering arc 40 
faults, but does not use a sensing coil of the 
ground fault indicator to sense the sputtering arc 
faults. Instead, the circuit breaker V shown in Fig- 
ure 5 utilizes the inherent resistivity of the neutral 
conductor to detect the sputtering arc faults in the 45 
manner discussed in U.S. Patent Application 
023,435 referred to above. In this modified circuit 
breaker V, the resistivity of the neutral conductor 
11 generates a voltage which is passed through 
slow pass filter 147 comprising a resistor 149 and a 50 
capacitor 151. The output of this low pass filter is 
then differentiated by a high pass filter 153 com- 
prising a capacitor 155 and the resistor 75. This 
combination of a low pass filter 147 followed by a 
high pass filter 153 produces the same band width 55 
limited di/dt signal as the coil circuit of Figure 1, 
although at a significantly lower signal level. The 
band width limited di/dt signal is applied to the 



invert:r,^ inz^:. <-a:her ;.".an the - „ wenting input of 
*he cc arr.p 35 r J the 'ntec/atea circuit 29 as 
shown in Figure 6. A reedback resistor 157 pro- 
vides the gair "eeosri to amo'ify the very ow ievei 
detected signai. The -emainder of the ntegratec 
circuit breaker are the same as :n Figure 1 . 

The test circuit 159 for testing the sputtering 
arc portion of the circuit breaker V deludes an 
impedance 161 which is connected across the line 
and neutral conductors in series with the resistor 
149 by test switcn 163. The resistors 149 and 159 
provide a voltage divider which injects a test volt- 
age of the proper magnitude into the sputtering arc 
detection circuit. 

While specific embodiments of the invention 
have been described in detail, it will be appreciated 
by those skilled in the art that various modifications 
and alternatives to those details could be devel- 
oped in light of the overall teachings of the disclo- 
sure. Accordingly, the particular arrangements dis- 
closed are meant to be illustrative enly and not 
limiting as to the scope cf invention which is to be 
given the full breadth cf the appended and any and 
all equivalents therecf. 

Claims 

1. A ground fault trip unit for a circuit breaker (1) 
protecting an electrical system (7) having a 
line conductor (9) and a neutral conductor (11) 
with said neutral conductor grounded near said 
circuit breaker, said ground fault trip unit com- 
prising: sensing coil means (21, 23) through 
which said neutral conductor (11) passes; neu- 
tral-to-ground fault detection means (5) con- 
nected to said sensing coil means (21, 23) and 
generating a trip signal for said circuit breaker 

in response to a neutral-to-ground fault in 
me protected electrical system (7); and test 
means (119) coupled to said sensing coil 
means (21, 23) simulating a grounded neutral 
fault condition causing said neutral-to-ground 
fault detection means (5) to generate said trip 
signal. 

2. The ground fault trip unit of claim 1 wherein 
said test means (119) comprises test conduc- 
tor means (121) extending through said sens- 
ing coil means (21. 23). and a test switch (125) 
(or selectively connecting said test conductor 
means (121) in a closed loop (127) which 
passes through said sensing coil means (21, 
23). 

3. The ground fault trip unit of claim 2 wherein 
said test conductor means (121) has an imped- 
E~ce substantially equivalent to a maximum 
impedance of a neutral-to-ground fault in the 
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prctecte^ eiecrncai system t7i. 

4. The qrc^-z fauit trie unit cr claim 3 »vr.argn 
saia te c <. --ncjcror means ' 1 2 1 ) comprises 
eiectncai sac ana a discrete impedance J 23) 5 
substantially eauivaient to said impedance of 
said neutrai-to-grcund -ault n the crotected 

.electrical system «'7). 

5. The grouna fault trip untt of claim 3 wnerem "? 
said test conductor means (121) comprises an 
electrical conductor having a distributed im- 
pedance substantially equivalent to said im- 
pedance of said neutraMo-ground fault in the 
protected electrical system (7). r$ 

6. The ground fault trip unit of claim 2 wherein 
said sensing coil means (21. 23) comprises a 
first sensing coil (21) through which bcth said 

line conductor (9) and said neutral conductor 20 
(11) pass and a second sensing ceil (23) 
through which said neutral conductor (11), but 
not said line conductor (9) passes, wherein 
said ground fault detection means (5) com- 
prises a dormant oscillator ground fault detec- 25 
tor circuit connected to said first and second 
sensing coils (21, 23), and wherein said test 
conductor means (121) extends through both 
said first and second sensing coils (21, 23). 

30 

7. A trip unit for a circuit breaker (1) in a pro- 
tected electrical system (7) having a line con- 
ductor (9) and a neutral conductor (11) and 
subject to sputtering arc faults and ground 
faults, said trip unit comprising: sensing coil 35 
means (21, 23) sensing currents in said pro- 
tected electrical system (7); fault detector 
means (3, 5) connected to the sensing coil 
means for generating a trip signal in response 

to ground faults including grounded neutral 40 
faults and to sputtering arc faults; and test 
means (119, 129. 137, 159) connected to said 
sensing coil means selectively injecting signals 
simulating grounded neutral and sputtering arc 
fault conditions into said fault detector means 45 
(3.5). 

8. The trip unit of claim 7 wherein said test 
means (119) comprises a test conductor (121) 
extending through said sensing coil means (21, so 
23), and a test switch (125) for selectively 
connecting said test conductor (121) in a 
closed loop (127) extending through said sens- 
ing ceil means (21. 23). 

55 

9. The trip unit of claim 8 wherein said test con- 
ductor means (121) has an impedance sub- 
stantially equivalent tc a maximum impedance 



c: a grcunced neui'ai ; ault r said erctected 
e-ectneaf svstam 

10. The trie \ini; yy.n 9 wr.e r e'c said sensing 
ceil means -21, 23) comonsas a 'irst sensing 
coil ;21) through w.zr, both said line conduc- 
tor i9) 3na said neutral conductor* (1 11 pass 
and a second sensing coil (23) through which 
said neutral conductor (11) but not said line 
:onductcr (9) passes, wherein said fauit detec- 
tion means (5) comprises a dormant oscillator 
ground fault aetector circuit connected to said 
first and second sensing coils (21, 23) and 3 
sputtering arc detector circuit (3) connected to 
said second sensing coil (23). and wherein 
said test conductor means (121) extends 
through both said first and second sensing 
ceils (21. 23). 

11. The trip unit of claim 10 wherein saia second 
coil (23) has a secondary winding (27), wnerein 
said sputtering arc detection circuit (3) com- 
prises means (67) connected to said secon- 
dary winding generating a bandwidth limited 
di/dt signal where i is current in said neutral 
conductor (11), and means (29) responsive to 
said di/dt signal to generate said trip signal 
under preselected conditions, and wherein said 
test means (129, 137) further comprises means 
injecting test signals >nto said secondary wind- 
ing (27) which cause said sputtering arc detec- 
tor circuit to generate said trip signal. 

12. The trip unit of claim 11 wherein said means 
(129) injecting test signals comprises an im- 
pedance means (153) connected to said sec- 
ondary winding (27) and a switch (135) selec- 
tively connecting said impedance means (153) 
to said line conductor (9). 

13. The trip unit of claim 11 wherein said means 
(1 37) injecting test signals comprises a capaci- 
tor (139) connected to said secondary winding 
(27), means (1 43) charging said capacitor 
(139), and switch means (145) selectively dis- 
charging said capacitor (139) into said secon- 
dary winding (27). 

14. The trip unit of claim 11 wherein said means 
(29) responsive to said di/dt signal comprises 
level detector means (97) comparing said di/dt 
signal to a threshold, and means (107/109) 
responsive to said level detector generating a 
trip signal when said di/dt signal exceeds said 
threshold a predetermined number of times in 
a selected interval, and wherein said means 
(129, 137) injecting test signals into said sec- 
ondary winding (27) injects test signals in said 
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secondary wncing wr.-cr- gxceec -;aia mresr-- 
old sa:: oredeterminec! -iunrcer c-' r-mes •* 
sac; ; a iected T-tervai. 

15. The trio unit cf Claim 14 wnerem said means 5 
(129) injecting test signals comprises imcec- 
ance means (133) connected to said secon- 
dary winding (27), and a switch (135) selec- 
tively connecting said impedance means (133) 

to said line conductor (9) to 'nject AC pulses n 
into said secondary winding (27). 

16. The trip unit cf claim 14 wherein said test 
means (137) comprises a capacitor {1 39) con- 
nected to said secondary winding (27), means 15 
(143) charging said capacitor (139). and switch 
means (145) selectively discharging said ca- 
pacitor (139) into said secondary winding (27) 

to generate an oscillation. 

20 

17. A self testing trip unit fcr a circuit breaker (1) 
in a protected electrical system (7) having a 
line conductor (9) and a neutral conductor (1) 
and subject to sputtering arc faults, said trip 

unit comprising: a sensing coil (23) having one 25 
of said line and neutraJ conductors (9. 1 1 ) as a 
primary winding and having a secondary wind- 
ing (27); means (67) connected to said secon- 
dary winding generating a bandwidth limited 
di/dt signal where i is current in said protected 30 
electrical system; level detector means (97) 
comparing said bandwidth limited di/dt signal 
to a selected threshold; means (107, 109) gen- 
erating a trip signal when said bandwidth limit- 
ed di/dt signal exceeds said selected threshold 35 
a predetermined number of times in a selected 
interval; and test means (129, 137) connected 
to said sensing coil for generating pulses 
which produce a bandwidth limited di/dt signal 
which exceeds said selected threshold said 40 
predetermined number of times within said se- 
lected interval. 

18. The self testing trip unit of claim 17 wherein 

said test means (129) comprises impedance 45 
means (1 33) connected to said secondary 
winding (127), and switch means (135) selec- 
tively connecting said impedance means (133) 
to said line conductor (9). 

50 

19. The self testing trip unit of claim 17 wherein 
said test means (137) comprises a capacitor 
(139) connected to said secondary winding 
(27), means (1 43) charging said capacitor 
(139), and switch means (145) selectively dis- 55 
charging the capacitor (139) into said secon- 
dary winding (27) to produce an oscillation. 



20. A tnp jm: :c f .1 -sreutt C'eaner ■ t ;n a c.'C- 
tecrac ac electrical svs^ rr Ravine a ~5 
::-cuc:or '9* anrl 3 leutrai conductor •'"!. 
said *r'0 unit terrorising: 

sensing means (21. 23. 147). sensing cur- 
rant :n said protectee eiectricai system ;7i. 
fault detection means (3) connected to saio 
sensing means and including means (29) gen- 
erating a trip signal in response to current 
patterns produced by sputtering arc faults in 
said protected electrical system, and test 
means {119. 129. 137, 159) coupled tc saic 
sensing means simulating said current patterns 
produced by sputtering arc faults to generate 
said trip signal. 

21. The trip unit cf Claim 20 wherein said fault 
detector means (29) comprises means (107. 
109) responsive to a current pattern in wn ; ch 
said current exeseas a preselected magnitude 
a predetermined number of times within a se- 
lected interval cf time, and wherein said test 
means (129, 137, 159) comprises a test signal 
which exceecs said preselected magnituce 
said predetermined number of times within 
said selected interval of time. 

22. The trip unit of Claim 21 wherein said sensing 
means (21. 23) comprises sensing coil means 
through which said neutral conductor (11) 
passes and said test means (119) comprises 
test conductor means (121) extending through 
said sensing coil (21, 23) means, and a test 
switch (125) for selectively connecting said test 
conductor means (121) in a closed loop (125) 
which passes through said sensing coil means 
(21, 23). 

23. The trip unit of Claim 21 wherein said sensing 
means (159) comprises a lead (149) connected 
to said neutral conductor (11) and to a low 
pass filter (147) followed by a high pass filter 
(153), and wherein said test means (159) com- 
prises an impedance (161) and a switch (163) 
which when selectively closed connects said 
impedance (161) across the line conductor (9) 
and neutral conductor (11), said impedance 
(161) being connected to said low pass filter 
(147). 

24. The trip unit of Claim 23 wherein said low pass 
filter (147) comprises a resistor (149) and ca- 
pacitor (151), and said impedance (161) and 
said resistor (149) form a voltage divider whicn 
produces said test signal. 
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